Abstract: Major depressive disorder (MDD) and Parkinson's disease (PD) share symptoms such as tremor. Bupropion, a norepinephrine-dopamine reuptake inhibitor, shows weak dopamine transporter (DAT) occupancy. We report here on a patient with MDD whose hand tremors might have been misdiagnosed as PD by single-photon emission computed tomography (SPECT) under bupropion use. A 66-year-old male patient with MDD had been receiving bupropion 150 mg per day for 6 months. His mood symptoms improved partially with bupropion treatment, however, hand tremors persisted. The neurological examination revealed bilateral hand tremors without other typical signs for PD. The SPECT using Tc-99m TRODAT-1 revealed decreased DAT binding capacity in bilateral striata. Under the impression of atypical PD, the patient was advised to take anti-Parkinson's drug. Bupropion was discontinued for 14 days to confirm the test. The follow-up SPECT after 14 days found improvement for the uptake ratio of striata. From then onward, the anti-Parkinson's drug was not used due to the lack of typical sign(s) for PD. The patient's mental and physical status remained stable without worsening of hand tremors during follow-up. Tc-99m TRODAT-1 SPECT is helpful for the evaluation of DAT and the diagnosis of PD. However, the interpretation of the SPECT image might be biased by the use of certain drugs such as bupropion for its binding to DAT. Bupropion may decrease the Tc-99m TRODAT-1 binding to DAT. The effect of drugs on DAT should be carefully assessed while interpreting the Tc-99m TRODAT-1 image. Our findings suggest that all drugs that may alter DAT occupancy should be listed as the reference for Tc-99m TRODAT-1 image reading.
Introduction
Major depressive disorder (MDD) and Parkinson's disease (PD) are common neuropsychiatric disorders in the elderly. MDD and PD share several symptoms, such as psychomotor retardation, tremor, anxiety, and insomnia. 1 Currently, the diagnosis of PD mainly relies on clinical assessment. However, the role of brain images becomes increasingly important. Single-photon emission computed tomography (SPECT) using Tc-99m TRODAT for binding to dopamine transporter (DAT) is a commonly used image tool for PD in addition to computed tomography, magnetic resonance imaging and other functional imaging tools.
Bupropion, a norepinephrine-dopamine reuptake inhibitor, is a commonly prescribed antidepressant. Bupropion demonstrated weak DAT occupancy. 2, 3 However, some studies failed to find an increase of dopamine level in the brain after oral treatment with bupropion. 4 The inconclusive findings raise a question: is the low DAT occupancy of bupropion sufficient to cause clinical and image change? Here, we 
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Lin and Lane report a patient with MDD whose hand tremors might have been misdiagnosed as PD because of bupropion use.
Case report
A 66-year-old male manifested psychiatric symptoms such as anxiety, insomnia, depressed mood, hypochondriasis, and hand tremors. He had been receiving bupropion 150 mg per day and clonazepam 1 mg per day for 6 months, since he was 65 years of age, because of the diagnosis of MDD. The patient's mood symptoms such as depression and anxiety partially improved with bupropion treatment. He had no other physical illness and had not been taking other medications except bupropion and clonazepam. The patient worried about the possibility of PD and underwent neurological examination and brain images tests. The neurological examination revealed bilateral hand tremors that presented during both resting and voluntary movement without other typical signs for PD such as pill-rolling tremor, bradykinesia, rigidity or postural instability. The neurological examination did not favor PD. The SPECT using Tc-99m TRODAT-1 showed decreased DAT binding capacity in bilateral striata (uptake ratio of striata: right 0.31; left 0.27, Figure 1A ) and immeasurable visual score of striata due to an atypical pattern of striatal uptake. The uptake ratio was calculated by the following equation: (The average count density of striatum -the average count density of the reference regions)/the average count density of the reference regions. The reference regions were the cerebellar and the occipital cortex. The striatum is marked by the dotted line in Figure 1 . Under the impression of atypical PD, the patient was advised to take levodopa combined with benserazide by the neurologist. Discontinuation of bupropion for 14 days for the confirmation of the test was suggested by the psychiatrist. The follow-up SPECT after 14 days showed improvement in the uptake ratio of striata (right 0.47; left 0.56, Figure 1B ) and the visual score of striata (Score 0 with intact striatal shape). The patient's gait was steady, and his muscle power of limbs was normal. Due to the lack of typical sign for PD, anti-Parkinson's drug was not used. During the follow-up period, the patient's mental and physical status remained stable without worsening of hand tremors.
Discussion
The differential diagnosis between MDD and neurodegenerative diseases, including PD and Alzheimer's disease is sometimes challenging. Tc-99m TRODAT-1 SPECT is very 
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Bupropion interference with image diagnosis of pD helpful for the evaluation of DAT. However, the interpretation of the image might be biased by the use of concomitant drugs such as bupropion for its binding to DAT. 5 In this case report, we described that the use of bupropion might lead to misdiagnosis of PD by the decreased DAT binding capacity.
Some substrates such as cocaine and amphetamine, methylphenidate, dopamine releasers, transport inhibitors, allosteric modulators and even HIV-1 Tat protein 6 can bind to the DAT. Bupropion, as a weak norepinephrine-dopamine reuptake inhibitor, may decrease the Tc-99m TRODAT-1 binding to DAT, 7 while some selective serotonin reuptake inhibitors may increase its binding. 8 Bupropion has been found to be a releasing agent of dopamine and norepinephrine. 9 The major metabolite of bupropion, hydroxybupropion, acts as a selective norepinephrine reuptake inhibitor and nicotinic acetylcholine receptor antagonist. 4 In this case, the DAT binding capacities were still lower than the reference range at the follow-up SPECT image. A possibility is the dysregulation of DAT found in depressed patients. 10 Another possibility is that the metabolites of bupropion can reach the plasma concentrations 16-20 times greater than those of bupropion itself. 4 A follow-up SPECT after longer discontinuation of bupropion may be needed.
The effect of drugs on DAT should be carefully assessed while we interpret the Tc-99m TRODAT-1 image. Clinicians need to integrate complete information, including medication use, associated symptoms and signs, and laboratory tests for the diagnosis of PD. Moreover, all drugs that may alter DAT occupancy should be listed as the reference for TRODAT image reading.
